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ABSTRACT 


The purpose of the present investigation was to 
assess changes in cardiorespiratory endurance after a six- 
week jogging program. In addition, the study included a 
comparison of improvement in aerobic power by individuals 
within the same treatment who exhibited varying degrees of 
fie eiessmacetnie imtiacion Of ehe Fogging*program: v¥Finally, 
Pearson Product-moment correlation coefficients were ob- 
tained between the twelve-minute run-walk and predicted 
MVO,/kgm./min. at the initiation and completion of the 
jogging program. 

Eighty high school students were divided into four 
treatments. Grbup I jogged 3/8 of a mile, Group II, 3/4 
Oteapmnite7eand Groupelily7glemiviee™ Group iVvacted as a 
control. Wwogging was -Ccarrled™= out daily*for six weeks on 
an indoor track. While the duration of jogging varied, 
-intensity was held constant. That is, lap times were iden- 
tical for each of the three groups each week. The inten- 
sity increased weekly during the six weeks of jogging. 

Changes in aerobic power at the completion of the 
jogging program were determined by again employing the 
twelve-minute run-walk and the Astrand-Ryhming nomogram 
test. 

Results indicated that all three experimental 


groups exhibited a significant increase in both the twelve- 
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iv 
minute run-walk and predicted MVO,/kgm./min. over the six- 
week jogging program. No significant change in either 
Varuabletwas tloundweto occur sin the icontrol «group wssSig- 
nificant differences in the twelve-minute run-walk were 
found to occur between treatment II (3/4 mile) and treat- 
ment IV (control) and treatment III (1 mile) and treatment 
iVeatecnencomp lLeuron sob) ogging.7) On stheyothergehand, no 
Significant differences in predicted MVO./kgm./min. were 
found between treatments at the conclusion of jogging. 
Furthermore, no significant differences in improvement in 
aerobic power (twelve-minute run-walk, predicted MVO./kgm. / 
min.) were found when the upper and lower halves of each 
treatment were compared. Finally, correlations of 0.59 
and 0.56 were found between the distance covered in twelve 
minutes and predicted MVO,/kgm./min. che, wwloter iGghipeibet eube)ab cakes! 
completion of the jogging program respectively. 

Woche Real iiliscaclOns OL the scudy,, Lt was) con— 
cluded that: | 

1. While all three experimental groups improved 
significantly in both the twelve-minute run-walk and pre- 
dicted MVO,/kgm./min. at the completion of six weeks of 
jogging, no significant differences in improvement in 
either variable were found between experimental treatments. 
A significant difference was found to occur only between 
Treatment II and Treatment IV and Treatment III and 
Treatment IV in the twelve-minute run-walk. 


2. Mean improvement in cardiorespiratory fitness 
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(twelve-minute run-walk, predicted MVO.,/kgm./min.) over 
SeWecke sO OdCI NCE WaSmnOtetoundato be Signiticantly ‘dit- 
ferent when the upper and lower halves of each treatment 
were compared. 

UReeolCOniircance COcrelavclonsmote0..Jseandmo.,>50 were 
found to exist between the distance covered in the twelve- 
minute run-walk and predicted MVO,/kgm./min. at the 
initiation and completion of the six-week jogging program 


respectively. 
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CHAP TT iiaeU 
STATEMENT OF THE PROBLEM 
INTRODUCTION 


As a primary objective of physical education, the 
attainment of physiological fitness has overwhelming 
implications in the growth and development of both youth 
and=adul Cs“alike.* 7) Yetrthe ‘term “physical ifitness” “is 
poorly defined and often connotates a number of divergent 
and sometimes opposing views. The controversial problem 
of defining physical fitness has evolved from both disa- 
greement on those elements constituting fitness and on 
what measures effect valid indicies of comparison. (41) 
Consequently, the term cardiorespiratory fitness, a spe- 
cific parameter of physical fitness will be employed. 
Cardiorespiratory fitness may be defined as: 

ihiewabiiatry to Maintain thewprocesses, of méeta— 

bolic exchange as close to the resting potential as 
isemucucai y= pOSSibs er duning™Lhe "performance oLea 
strenuous and fully learnt task for a moderate time, 
with the capacity to reach a higher rate of working 
Chanethne Unfit and to restore promptly all equilibria 
wocciweare ‘disturbed. *9(6i 2182) 

Regardless of such innate characteristics of sex, 
age or somatotype, training produces modifications in an 
individual's work capacity. Increased physiological 


SrricrencyetcizougnyLraining results un the! ability ‘to 


prolong homeostasis or to reduce displacement from resting 
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equilibria in response to an equal amount of work. Maxi- 
mal anter-individual¥physiological efficiency on the other 
hand has a considerable range of values. As a result, 
outstanding athletic performance is obtainable by only a 
comparatively small number of individuals who possess an 
optimaledegree Of physiological functioning: * (13) 

In exhaustive exercise, the intensity and duration 
of the activity are circumscribed by the limits of the 
physiological functions involved. Because prolonged heavy 
work may ultimately depend upon the ability of the organism 
to deliver oxygen to the working muscles, and because the 
rate of oxygen transport is dependent upon the pulmonary 
and cardiovascular systems, maximal oxygen consumption at 
present gives the best available estimate of cardiores- 
Pinatoryesilenesse: (46) 

It has been confirmed empirically as well as 
experimentally that exercise of increasing intensity 
repeatedly carried out leads to improved performance. The 
physiological principle upon * which this is dependent is 
Phateoe Overload sowin® jogging, this amounts@to% covering a 
greater distance in the same time or covering the same 
distancesmore quickly®or with less fatigue.VoAS soonWas 
improvement in performance can be demonstrated, the process 
of aera may be said to have begun. 

Re-evaluation by Cooper of Balke's 15-minute field 
test to estimate maximal oxygen consumption has lead to the 


Incorporation. Of abl2-minute*imaximaldistance’ field test. 
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One hundred and fifteen United States Air Force male 
officers and airmen were evaluated on a treadmill maximal 
oxygen consumption Hest acmwe eeasma, mimbensom iio ldiper= 
formance tests. It was found that the maximal distance 
covered in twelve minutes correlated best with MVO, estab- 
lished on the treadmill (r=0.897) when compared to simi- 
lar field tests with times varying from 6-20 minutes. The 
distance covered in twelve minutes may roughly be converted 
iMcONmLs-. 0, consumed/kgm./min. Because the test is con- 
Sidered to be a maximal performance test, this figure 
represents maximal oxygen consumption. 

The significance of the above relationship makes 


Bemposciulbes tomestumate MVOpgwitheconsi1denablel raccunacy 


Z 
from the results of the twelve minute performance test. 
Because of the high correlation with MVO,, it can 
be assumed that the twelve-minute field performance 
test is an objective measure of physical fitness re- 
mreclangm une Card1Ovascular Status Of an individual. 
1572.01) 
A second criteria that may be employed in the 
bos seocmenenOf an individual s aerobic Capacity 1s the 
Astrand-Ryhming nomogram. Unlike the twelve-minute maxi- 
mal distance field test, the Astrand-Ryhming nomogram is a 
submaximal,) 'laboratory'wtest. By knowing both the) work 
level or the oxygen consumption at submaximal levels as 
well as the steady state heart rate concurrent with that 
load or oxygen intake, maximal oxygen consumption may be 


predicted. 


The question is often asked: How long and at what 
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mncens Maye iis hones partlci pateyaing Vigoroussachivitys in 
Orcettlonemicitiralisignifacant nearer Sete aerobic power? 
It is hypothesized that cardiovascular adaptations may be 
related to the duration of jogging when both the intensity 


and frequency of training sessions are held constant. 
THE PROBLEM 


By employing the twelve-minute run-walk and the 
Astrand-Ryhming nomogram as tests of cardiorespiratory 
endurance, it is the purpose of the present investigation 
to determine changes in aerobic fitness as a result of 
three jogging programs of similar intensity and frequency 
DUERVeLV I nomdUGabLloOn calm additrvom,. thesrelatsonshipmbe- 
tween improvement in cardiorespiratory endurance and 
initial fitness levels within each training program will 
be investigated. Finally, Pearson Product-moment correlation 
coefficients between the twelve-minute run-walk and predicted 
MVO, Aumuhlewiiisiialion and completion of jogging are to be 
peerermined. 

The following hypotheses will be tested: 

1. No significant improvement in aerobic power takes 
place within each treatment as a result of the jogging 
regime. 

2. No) significant differences’ in. cardiorespiratory 
endurance occur between Treatments at the completion of 


the jogging program. 
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3. No significant differences in improvement in 
aerobic power occur between the upper and lower halves 
Ofmeache treatment with training. 

4. An insignificant correlation exists between the 
distance covered in the twelve-minute run-walk and maxi- 
mal oxygen consumption predicted by the Astrand-Ryhming 


nomogram. 
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It is assumed that through this investigation, one 
will be able to answer more assuredly questions involving 
iMcenicityeancasduration, Of training and the resultant 
effect on cardiorespiratory fitness. Secondly, by deter- 
mining the relationship between the maximal distance cov- 
ered in twelve minutes and maximal oxygen uptake predicted 
by the Astrand-Ryhming nomogram, the application of the 
twelve-minute run-walk as a test of aerobic power may be 


further, validated. 


LIMITATIONS 


Part of the difficulty encountered in objectively 
assessing changes in aerobic power is the result of the 
failure of any one test to adequately predict changes due 
to training. Limitations are therefore imposed upon the 
study by the reliability, validity and underlying assump- 
tions of the twelve-minute run-walk and the Astrand-Ryhming 


homoge itivcaltons, are also imposed aS a result of lack 
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GOreprewrous research on which to base the training pro- 


grams. 
DELIMITATIONS 


Optimal intensity and duration levels of jogging 
necessary to elicit changes in cardiorespiratory fitness 
are difficult to establish since they depend upon the par- 
ticular level of fitness desired as well as the initial 
leVeimOo tse biness sOrmticusubjectssinvolved. The subjects 
who participated in the present investigation were high 
school students enrolled in the compulsory physical edu- 


Gatbi1on sprograms 
DEFINITION OF TERMS 


Cardiorespiratory Endurance or Fitness 
The ability to maintain the processes of metabolic 
exchange as close to the resting potential as is 
mutually possible during performance of a strenuous 
and fully learnt task for a moderate time, with the 
Capacity to reach a higher rate of working than the 


unfit and to restore promptly all equilibria which 
are disturbed. Gren ee?) 


Maximal Oxygen Uptake, Intake or Consumption (MVO.) 


The maximum amount of oxygen an individual utilizes 


in Sttrenuous activity relative to the=activity performed. 


Aerobic Power 
The term is used synonymously with maximal oxygen 


uptake. 
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Training 
A regular regime of exercise that is carried out 
over a period of time and that encompasses the principle 


Onproverload. 


cainingperimulus 

The response to training that results in an 
increased capacity to maintain the processes of metabolic 
exchange closer to those of the resting potential during 


strenuous activity. 


Inter-Individual Variance 
TMirateVaGuancemattrLtoutable to true differences 


between individuals. 


Intra-Individual Variance 
THAGEVaLrLancemattuibutab lestosfiuctuatirons frinethe 


pnyewologrealstunceroninggofeangindividual. 
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CHAPTERS. I 
REVIEW OF THE LITERATURE 


During prolonged heavy exercise, an individual's 
performance capacity is influenced by several factors. [In 
general, performance is dependent upon the following: 
energy output (both aerobic and anaerobic processes) neuro- 
muscular functioning and psychological variables. (4) 

Maximal cardiorespiratory endurance may depend 
largely on the ability to deliver oxygen to the working 
muscles. A measurement of MVO. gives the maximal rate of 


2 
SuerOyeOUcDU UE DY BCOMbDUStLOn within, the body. Hence, MVO, 
appears to offer the possibility of determining one of the 
limiting factors in endurance performance characterized by 
a high level of energy expenditure. (65) Various authors 
consider MVO., or aerobic capacity to be the best measure of 
cardiorespiratory fitness. (be Sy ela Were) | Ae Cake: ak 
assumed that cardiac output increases linearily with the 
rate of oxygen uptake, MVO, also indicates the functional 
level, ofsthetcirculatory “systema s(4)™ Consequently, MVO, 
is probably the best measure of physical fitness providing 
CHeESdefinitvonsof fitnesst#iserestricted to the ®*capacity of 
an individual for prolonged physical exertion. Thus it is 
primarily "cardiorespiratory fitness that is taken asa 


measure of physical fitness. (35) 
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In an analysis of the factors influencing oxygen 
transportation aes muscular work, the following may be 
identified: pulmonary ventilation, oxygen diffusing capac- 
MeymaChOsomebCm LUNGS, eCardiac Output, tcate: of ibliocod ef Low. 
Ehroughsthe mmuscles;,capillary .oxygen diffusing capacity 
and finally, the oxygen transporting capacity of the 
bloode At2) 

TheyGi neingssofsGrollmane(32). support the concept 
GhatmanwelmMporeantadeterminantsof scandiac output, and ycon- 


sequently MVO is the muscle mass employed in performing 


IX! 
ApeOCELVLGCy ,6t Ol MVO, is only maximal for a specific task. 


Only one activity, skiing with poles, has been shown to 


elicit a higher MVO, than running. (2) Secondly, because 


2 


MVO, is dependent upon the muscle mass being used, it would 


appear that MVO, is independent of skill as long as changes 


2 
DMecied IlewdOunot produce: any.changes@gingmuscleymass. Skill 
however may determine the rate at which MVO, is reached. 


(2) 


EFFECTS OF TRAINING ON AEROBIC 
AND ANAEROBIC CAPACITIES 
Several studies have described various differences 
between the trained and untrained state. It immediately 
becomes necessary to separate the more useful and less 
COMMON LONGleUudindle stLUud1es Sainewhich the -ekfects of 
training are studied over a period of time on the same indi- 


Vidualyp andestudies ‘that Contrast trained and untrained 
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SUubjectorateone= paltacu lars perdod *ofetime.ea (65) 
Limidsmocens clear yeshown shatuphysitcalatraining 

ar fects MVO, (47, 55) and the level of oxygen consumption 
deh Chmaneacroolc metabolasm Mis anitkaredts «(74)98'Robinson 
and Harmon (55) tested nine previously untrained men before 
and after 28 weeks of hard physical training and found an 
elevation in MVO, Of 14 percent. pKnehr ‘et ‘al 47) £ol= 


lowed a group of sixteen men during a training regime of 


Six months and found an average increase in MVO., of 7 per- 


2 
cent. Ekblom et al. (27) investigated the effects of six- 
teen weeks of training (three times weekly, cross-country 
running) by eight males on submaximal and maximal work 
performed on a bicycle ergometer. The group mean MVO. 
iiereasedal> percent s(o 13-5. Ooislin/m.)3;-epartlytdue €to an 
increased A-VO. difference (138-143 mls./l.) and partly due 
EOmdIyMINCLeased (Cardiac output a(2 24-2402 e/mins) BeiSince 
maximal heart rate was unchanged, the main cause for the 
increased cardiac output was a stroke volume increase 
Gia 70 s'f)*. 

The above results however failed to show how MVO, 
and anaerobic capacities change in relation to one another 
within the same individual as a result of training. It 
was uncertain therefore whether the increased capacity for 
exercise in the trained individual was due to an increase 
in MVO, or whether it was due to a rising of the level of 


oxygen intake relative to the individual's maximum at 


which anaerobic metabolism commenced. 
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Lt 
Williams et al. (68) have determined changes in 
Och MVO, and aN ad of oxygen intake at which anaerobic 
metabolism begins in individuals before and after a regime 
of bicycle ergometer training at intensities at both aero- 
bic and anaerobic levels. Results indicated that training 


produced increases in both MVO, and the level of oxygen in- 


2 
take at which ‘excess lactate’ appeared in the blood. The 
increased MVO, ranged from 1-20 percent (average 7 percent) 
while the level of oxygen uptake relative to the maximum at 
which excess lactate appeared rose 4-33 percent (average, 
16 percent). iIn the untrained condition, anaerobic meta- 
bolism commenced at an average of 46 percent MVO, while 
after training it increased to 62 percent. These results 
indicate the two parameters may change independently of 
each other - the percentage increase in the level at which 
anaerobic metabolism occurred was greater than the per- 


centage increase in MVO, following the training period. 


2 
Although the mechanisms involved in the training 
BeLOcessare not clearly understood, these results suggest 
that the oxygen demand of the working muscles remains in 
equzlibcian with) oxygen consumption at higher levels, of work 
Pnetnemeramned inolvildual than in the untrained. Le 
appears then that the training process produces an increase 
in oxygen availability to the working muscles (increased 
cardiac output, blood haemoglobin or A-VO, differences) 


and/or an increase in muscular efficiency (less oxygen con- 


sumed per unit of work). 
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BPEECTS OF TRAINING ON OTHER 
PHYSIOLOGICAL PARAMETERS 

The value of physical activity as a means of elic- 
iting beneficial changes in the physiological functioning 
of the human organism is fully established in the literature. 
It is also evident that these changes may be induced by a 
jogging program of sufficient intensity and duration. 

Under the supervision of a university track coach 
and a physician, three 12-week jogging programs were con- 
Cuctedsbvalarniscuet lad e5( 33). 9.0f the 3963 men, (agessange, 
30-66 years) who started the program, 265 completed the 
12-week schedule. 

Resulesmincucated that prloneto the jogging, 212 of 
those completing the program were overweight by an average 
Ofte bo epGundsm (based On lite tnsurancesstatistics) .. Asa 
result of the jogging, overweight participants lost an 
average of 7.8 pounds with no emphasis on dieting. 

Among the 265 men completing the program, there was 
Jb SHS decrease in circumference of the waist of 1.4 
inches. Blood pressure readings at rest showed an average 
drop in systolic pressure of 11.4 mm. Hg. and in diastolic 
pressure of 7.8 mm. Hg. There were no significant changes 
in vital capacity or maximum expiratory flow rates. 

In a similar study, Steadward and Singh (63) have 


examined the extent to which P.W.C.4 45 and other related 
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variables in sedentary males may be modified by an exer- 
cise program consisting entirely of jogging. Eighty male 
subjects were divided into four groups according to ten- 
year increments in age; 20-29, 30-39, 40-49 and 50-plus. 
Training intensity was measured as a 'coefficient of in- 
tensity of exercise’ (Q) and was computed from the fol- 


lowing formula: 


Q=miles/session x number of sessions per week 


time for one mile 

Results indicated that improvement in 'Q' ranged 
Frome 6283 percent ain the 20-29 year olds to 41.26 percent 
in the 50-plus year olds over three months of training. 
Systolic and diastolic pressure decreased 2.95 mm. and 
5.12 mm. Hg. respectively. There was a 4.41 percent in- 
crease in average vital capacity while resting heart rate 
Gecreased 8.68 percent. 

The above two studies agree with numerous others 
Cie Orie Ja 46,0475)° 55) sOnsthererrects of training andeno 
Chailengeis OLLered tO contravenes these! errects. Rather 
“itis a Guest) OnsOteinvenct tyMandscurat1 Ong OG Uialnwngoe 
that is, what critical level must training exceed in order 
that significant physiological, changes® related) toycerdio-— 
tespiratory fliness will take place ,and7s whatea ss Lhceopia— 


fialeamount ofptraining Lequired to velici te these changes: 
SELECTION OF A TRAINING STIMULUS 


Althoughsthe -princrplerot overload has “been well 
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14 
established, the exact nature of the Craipangestimilussis 
unknown. In order to delimit the threshold intensity of 
et foOrteatewhichea training stimulus occurs;skarvonen et al. 
(26) eerained six sedentary subjects on a treadmill] at a 
Predetermined heart rate for thirty minutes, 4-5 times 
weekly for four weeks. Results of the investigation in- 
dicared thatennwordersy format rainangnertect. to, occur 
(constant heart rate at increasing treadmill speed), the 
critical intensity of effort, expressed as a percentage of 
the training pulse from rest to maximal rate attainable, 
appeared to be approximately 60 percent. 

De Vries has expressed Karvonen's theory as a 
Louie !Ore aeSubject with sa resting pulse rate of 70 
beats per minute (bpm) and a maximum of 200 Demin ace 
Enheoritical cuitical level of intensity required to effect 
amerainingustimulus would be 70 9+ 2.60 (200-70) = 148 bpm. 

Further evidence supporting Karvonen's investi- 
Saenouemay, bee found) inuthe sl tterature se Mulloy, (51) Shas 
MmEcuMvomGialwtor aisampler ob University estudents,, the critical 
heart rate needed to significantly improve aerobic capacity 
was about 140 bpm. Holman and Venrath (37) have demon— 
strated that increases in aerobic capacity were negligible 
WEtheacheacte race during training OLpplesse thangs 0Fbom. 

One the other hand, the concept’ thatwas threshold 
intensity Of GLlLort CO©rresponding tO) aepulse rate (or 
140-150 bpm. is necessary for a cardiorespiratory training 


effect to occur has not been substantiated in all 
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investigations (26) and may depend in part upon the initial 
fitness level of the subjects involved. Shephard (60) 
believes that the threshold suggested by Karvonen may be 
substantially lower in sedentary subjects since they do 
not normally experience pulse rates greater than 120 bpm. 
EFFECTS OF INTENSITY AND DURATION OF JOGGING 

ON CHANGES IN CARDIORESPIRATORY ENDURANCE 

Durnin et al. (26) have investigated the effects of 
varying degrees of walking conducted over short periods on 
improvement in cardiorespiratory fitness. Forty-four 
untrained army personnel with a mean age of 22 years were 
divided into four groups: group lL walked 10 km./day, 
SEOUpm ime? Ome ay eG LOUDmL LL, wo UmkIl Cay) wil leugroupmeiy 
acted as the control. Training consisted of two consecu- 
tive five-day periods with an intervening one-day admis- 
SOM webache sua ,ect wasy tested on) a treadmill “(5.6km.7hr., 
10 percent grade) for 15 minutes before, during and after 
the training regime. Following the first 5 minutes of 
testing, heart rate, oxygen consumption and pulmonary 
ventilation were measured continuously. Heart rate was 
also monitored Shere the initial 10 Minutes of recovery. 

Results indicated that only the 20 km./day group 
showed a significant decrease in pulmonary ventilation and 
oxygen consumption determined on the treadmill. Heart rate 
Shewecmamctonloicanu CeCrease ined ties gLoups 5 skecoyv— 


ery heart rates on the other hand showed poor uniformity. 
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In a comprehensive medical and physiological 
evaluation, Wilmore (69) has investigated the effects of 
an eleven-week jogging program on 55 participants with 
ages ranging from 17-66 years. The 55 subjects were divi- 
ded into subgroups by ten-year increments in age and each 
subgroup was in turn divided once again. One group was 
assigned a jogging program of twelve minutes per day, 

3 days per week, while the other was assigned to a routine 
of 24 minutes, 3 days per week.. 

In the entire sample a 1-2 percent reduction in 
body weight was found along with an 8 percent decrease 
in body fat. There was a significant increase in vital 
Capacity and a decrease in residual lung volume. Resting 
systolic and diastolic blood pressures dropped 10-13 per- 
cent and resting heart rate dropped 12 percent. MVO, was 
found Gtoeincrease™ 7-10 percent: 

Finally, results showed a notable similarity in 
changes in both exercise groups. Changes shown by sub- 
jects jogging 24 minutes@were notksigniticantly tgreater 
tianethosemsubjects jogging #l2 minutes Aw itheaslonger 
training period however, the 24-minute group might have 
Shown statustically greater tchanges.@n0m thegouhes hand, 
the pace of the activity may be an important: factor in 


determining the extent of physiological change. 
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Pili Yo ECALAWORKSCAPACT TYSAND 
MAXIMAL OXYGEN UPTAKE 

Astrand (4:316) states: 

For maintaining a normal equilibrium in the dif- 
ferent tissues under varying conditions an adequate 
blood supply will always be the most important pre- 
mequasitet UThevtypevote fitness) thatedistnecessary for 
prolonged muscular exercise is well correlated to the 
individual's oxygen uptake capacity. 

Astrand (4) has further commented that aerobic 

Cam acd tyaO MVO,, when divided by body weight, is probably 
the best measure of cardiorespiratory endurance. Rodahl 


(56:500) supports this comment by referring to MVO, as 


2 
eee enenbest indication sot physicals work capacity... 
Pcl ie Mee stem nat Vil Gidiw Sm Lota labia. Ly sCOMpesrorm 
prolonged physical work." Because MVO, gives the maximal 
rate of energy output by combustion within the body, MVO. 
Mayececmomlami tinier accor sin, Cndurance perlLormance schar— 
acterized by a high level of energy expenditure. 

1s MVO, is related to work Capacity as the Jiter= 
ature suggests, one would expect at least a moderate cor- 
relation between it and some actual work task. 

Taylor (64) used a time run on a treadmill and 


found that in submaximal exercise, oxygen consumption was 


Chieily a function of body weight (r=0-/1) andjwas unre— 


lated to endurance fitness (r=-0.20). In maximal exercise 


on the other hand, the relationship with weight dropped 


considerably and the correlation with work capacity 
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18 
increased considerably. (r=0.55) Furthermore, Cooper (15) 
has obtained a Senas eter of 0.89 between MVO, estabp= 
lished on the treadmill and the maximal distance covered 
Dime eeeMinuces. |) Finally, Lavo1es (49) has found Significant 
correlatvonsot.0 166. and..0.. 68 jbetween MVO, determined by 
the Mitchell, Sproule and Chapman treadmill test and the 
1000-meter and twelve-minute run-walks respectively. 
PREDICTION OF MAXIMAL WORK CAPACITY 
FROM SUBMAXIMAL TESTS 

The requirement for a simple work capacity test 
based on physiological measurements taken during sub- 
maximal stress has long been recognized. Four laboratory 
Cests Navesbecnsantroduccds tort ultinw thasgnecdcam in 1954 
Astrand and Ryhming (6) introduced a nomogram from which 
Maximal oxygen uptake could be predicted from a steady 
state pulse rate at a known work load. In 1958, Asmussen 
and Hemmingsen (1) presented a curve and a formula from 
which maximal oxygen uptake could be determined from 
“measurements made during submaximal work. Issekutz (40) 
somerset maximal oxygen consumption from the respiratory 
quotient taken at submaximal levels and reported a differ- 
ence of only about 5 percent between estimated and actual 
values. At about the same time, Workman and Armstrong (72) 
developed an equation to predict maximal oxygen consumption 
Wallemwoaleinguolea treadniid., 9The equacion;, based on height, 


weight, treadmill speed and grade, readily lent itself to 


nomographic presentation. 
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THE ASTRAND-RYHMING NOMOGRAM FOR 
PREDICTION OF MAXIMAL 
OXYGEN CONSUMPTION 
Based on the close linear relationship between 

pulse rate and oxygen consumption, Astrand and Ryhming (6) 
have constructed a nomogram in an attempt to predict aero- 
bic capacity from stressful yet submaximal work. The 
nomogram involves prediction of a subject's maximal oxygen 
uptake from a pulse rate elicited by a constant submaximal 
work load. Standard adjustments are made for sex as well 


as the apparatus used for the exercise. (2) 
RELIABILITY AND VALIDITY OF THE NOMOGRAM 


The validity of the Astrand-Ryhming nomogram as a 
predictor of maximal oxygen consumption relies on the fol- 
lowing assumptions: 

Leo A iis? relationship exists between heart 
rate, work load and energy expenditure through submaximal 
work (H.R., 130-170 bpm.) as well as work resulting in 
neart rates’ as highs as 195 Eat 0 bpm. 

2e The’ mechanicaly efficiency jofistationany 
cycling is constant and independent of the fitness status 
OL tiernianvidualy. 

3. Heart rate achieves a steady state after 
approximately six minutes of submaximal work. 
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20 
trained subjects 20-30 years of age, Astrand and Ryhming 
have determined the validity of the nomogram by comparing 
aerobic capacity calculated on the basis of the nomogram 
against MVO., determined on a treadmill or bicycle ergo- 
meter. Statistical analysis revealed a mean difference 
one OF 0278 =20 05:98 1% 0,/min. (females 0 0 10F-— 0051915 
0,/min.) between the determined and calculated maximal 
oxygen intake. The difference, expressed as a standard 
deviation, was less than 6.7 percent for men and 9.4 per- 
cent for women. With a lower rate of work (men, 900 vs. 
MoUuekgn./min.| women, 600 vst 900Fkom./min.) >the stand-_ 
ard deviation was higher. 

Serious criticism challenging the validity of the 
nomogram has been expressed by Wyndham et al. (74) While 
heart rate is linearily related to oxygen intake at low 
work loads, the curve tends to become BconpeoUnre at maxi- 
mal work rates. Because the oxygen uptake curve reaches 
its asymptote more slowly than does heart rate, a 
straight line extrapolated to maximal heart rate will re- 
SUilewIn valeUnderestimatlon=of£ true MVO, . 

Other studies comparing predicted and determined 
MVO, have however, generally found the nomogram to be a 
good predictor of MVO. - Glassford®et al.9 (sl) Fusing? 24 
Male subjects 17-23 years of age, has obtained MVO., values 
for the Astrand—-Ryhming test, “themAstrands bicycle ergometer 
test and the Taylor, Buskirk and Henschel and the Mitchell, 


Sproule and Chapman treadmill tests respectively. It 
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was found that the Astrand-Ryhming nomogram yielded maxi- 
mal oxygen uptake values equivalent to those obtained on 
the» two treadmill tests.) Furthermore, the relationship 
between the nomogram values and any one set of values 
determined by the direct technique was as good as the 
relation between the values of any two direct measures. 

A further study comparing predicted and actual 
MVO,, valuesthas been: carmied out by Hettinger et al. (35). 
Subjects included 28 American policemen 20-30 years of age. 
Results indicated that the mean predicted maximal oxygen 
Mocakegn 2262 Heymins jewas Significant yaditierentadrom) the 
Me asuredsoxygenpuptaker  e( 226 S8adi7mine)!) (p=0605)2 However, 
the correlation between the predicted and the measured 
maximal oxygen uptake was statistically significant. 

Larsson et al. (48) have investigated, among other 
vaniables|y changes: in, aerobic capacity ass aj result. of 
Ee aiming. seoubsectse consisted) ofml2, boys, mone-hail ts ofawhom 
were diabetics. Although aerobic work capacity measured 
Mon Gecely was) 0248 /min. higherg e/9\pencent)® than) those 
values calculated from the nomogram, the differences were 
not significant. Furthermore, it was concluded that the 
nomogram was applicable to adolescents as in addition to 
the 20-30 year olds from which the nomogram was constructed. 

PULSE RATE AND OXYGEN CONSUMPTION 


RELATED TO THE, AGE, GROUP 
BEING STUDIED 


Because the nomogram is based on figures obtained 
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from an age group older than the sample tested in the pre- 
PenmainVesta gation, iteis necessaryetoOaascertain whether 
or not a younger group could meet prerequisites (1) and 
(34 

Bengtsson (9) reported that for subjects aged 
5 to 40 years, heart rate increased linearily with exer- 
cise intensity. Oxygen consumption, when compared to 
exercise intensity, showed the same relationship. 

in 193 8eRobinsoen ) (54) freportedaae study ein awhich 
ll boys with a mean age of 14.1 years reached pulse rate 
MeanseOlrwi Gos boMamatter ags-minuteguun omychestreadmi lle 
Pieeniemsamemueporty, agsimilarestudy 24)imres Cited fim which 
boys with ages ranging from 12-19 years reached average 
maximum heart rates of 195 bpm. 

In 1963 Cumming and Cumming (18) reported that 
Winnipeg children with ages ranging from 6-16 years main- 
tained pulse rates from 190-200 bpm. without indicating 
any undue discomfort. Ina similar study Cumming and 
)Dazinger ¥(19),;foundeonly 4,0f.49 subjects saged s10-liviyears 
wenemunab le y£O sreach la pulse inate tof 200 jbpm; 

THE ASSESSMENT OF CARDIORESPIRATORY 
RLTNESS eB Y sl GGDele Si 

As a result of the time-consuming and expensive 
procedure of determining MVO., by laboratory techniques, a 
number of investigators have sought to develop field tests 


to estimate MVO., from the absolute distance covered ina 
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20 
corcain time period. Balke (8) has’ examined the relation-— 
SiipeOteruns | -30 Minutes an duration and MVO,. MVO, was 
determined by a standardized treadmill test and compared 
with oxygen requirements estimated for average velocities 
Sciveved in best erfort runs tor thervarious) times. “Re- 
sults revealed that performance in runs of 12-20 minutes, 
expressed as oxygen consumption per minute, matched the 
objectively measured aerobic capacity most closely. Runs 
of shorter duration resulted in a higher proportion of the 
performance being accomplished anaerobically and as a 
result, did not reflect aerobic power. Runs greater than 
20 minutes duration resulted in performance inferior to 
that on the treadmill, averaging 9 percent below MVO, 
Gapacity. =. AS a result of his investigation, Balke estab-— 
lished a 15-minute maximum distance field test in which 
the total distance covered, expressed in oxygen consump- 
tion per minute, was thought to most closely approximate 
an individual's aerobic capacity measured objectively. 

Re-evaluation by Cooper (15) of Balke's 15-minute 


freldutest to estimate MVO, lead to the ancorporation o£ 


2 
a l2-minute, maximal distance field test. This test cor- 
related better with MVO, established on the treadmill than 
did similar tests with times varying from 6-20 minutes. 
Whatever distance is covered in twelve minutes may roughly 
be converted into mls. 0. consumed/kgm. body weight/minute. 


These estimates however were based on United States Air 


Force personnel. Lavoie (49) found that when MvO, of male 
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university students was measured objectively by a stand- 
ardized socgnmll yee and colipared, to those norms estab-— 
lished by Cooper for maximal distance covered in twelve 
minutes, Cooper's norms resulted in an overestimate of 


actual MVO, bysaboumelOl percent. 
RELIABLLULOUY “OFS FIELDER TESTS 


In a comparison of the 1000-meter and twelve-minute 
run-walk as tests of aerobic power, Lavoie (49) found reli- 
abiwutyacoefiicients of 4.95 jande:94 nespectively.. py Simis 
haigky jabooMLttlegandspighee.(25)) foundva ‘reliability, cos 
Shavcuenaeo inno 4euponstest—netest Ciel S53eqnade ninesboys 


in the twelve-minute run-walk. 
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CHAPRER RL EL 
METHODS AND PROCEDURES 
SUBJECTS 


A sample of 80 subjects was obtained from among 
students participating in the required high school physi- 
cal education program at Henry Wisewood Senior High School 
in Calgary, Alberta. A preliminary twelve-minute run-walk 
test was administered to each of the subjects at the ini- 
tiation of the investigation. On the basis of obtained 
scores, expressed as the absolute distance covered in 
twelve minutes (to the nearest twenty-five yards), the 
subjects were ranked 1-80. Beginning with subject l, 
subjects were divided into blocks of four. Each subject 
within each block was then randomly assigned to one of 
the four treatments. A one-way analysis of variance was 
Popp ledmcomenedatagto rensune:that no significant shiek 
ferences existed between treatment means at the initiation 
of the experiment. 

As an added measure of cardiorespiratory endurance, 
the Astrand-Ryhming nomogram test was administered to 
Gach: subjectpricrstomche ainit@ation@fortathes)oggamg pro= 


gram. 
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TRAINING PROGRAM 


Five times weekly for six weeks the three experi- 
mental treatments carried out a predetermined jogging pro- 
OGameee Groupe (ejoggedes7 Shofeagmiszes Group dipes/460fda 
mime, PandeGrouphiliyel mileke Groups IVeacted asiatcontrol. 
Whee The durataonyor joggingivaried, antensaty waskheld 
constant. That is, lap times were identical for each of 
the three experimental treatments each week. The inten- 
Sity of jogging however, increased weekly over the six 
weeks. Anojexacttdescription) ofsthestraining:schedulesis 
given in Appendix C. 

No attempt was made in applying restrictions on 
thegdaulyl iifteyofethe subjects! involved the Inyordersto 
determine the effects of jogging, the maintenance of each 
subject's normal pattern of life is required. Any inter- 
vention may elicit effects that have nothing to do with 


_the training program, per. se. 
TESTS OF CARDIORESPIRATORY ENDURANCE 


At the completion of the six-week jogging program 
the twelve-minute run-walk was administered to each sub- 
NeCtue fae test was carried out on an’ indoor track. “Abso-— 
lute distance covered in twelve minutes (to the nearest 
twenty-five yards) was recorded. The Astrand-Ryhming 


nomogram test was also administered to each subject at the 
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end of six weeks of Craiwning. 


THE ASTRAND-RYHMING TEST FOR 
PREDICTION OF MAXIMAL 
OXYGEN CONSUMPTION 

The test was performed on a Monarch bicycle er- 
gometer. The mechanical arrangement is so dimensioned 
that one complete turn of the pedals moves a point on the 
wheel rim six meters. The externally performed work 
(kilogram meters per minute) may therefore be calculated 
from a knowledge of work load and pedal frequency. Pedal 
frequency was established at 60-revolutions per minute. 

Two minutes before the commencement of the test, 
resting heart rate was recorded. On this basis a work 
load was set which would elicit a pulse rate within a 
DangerofLele0-—U/0_bpms inisixaminutestimthe subjects ped- 
alled at’this «workload until» acstéady state’ was attained 
(NeaLltaratelcecordingswatnthet@end ofsthestiftheandiisix 
minutes that did not differ more than tas bpm aie edit 
ferences in pulse rate exceeded this value, the subject 
COnctinuedeto exercise Untilethis craterion was. reacheds 
Aliphearterates recordingseweretmadefion alBitchessa#lectro— 
cardiograph during the last 15 seconds of the fifth and 


sixth minutes. 
CALIBRATION OF THE BICYCLE ERGOMETER 


Calibration was elicited by removing the brake 


drum and setting the pendulum to 0. A calibrated weight 
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Of one kilogram was added to the end oe ere lever and the 
resulting sayae eck deflection read from the scale. ~ Addi- 
tional one kilogram weights were added up to a total of 

seven kilograms. If adjustments were required they were 
aLrecredy by meansvof an adjusting screw that’ altered the 


Centerjof gravity of thetsinus balance? 
STATISTICAL TREATMENT 


On the basis of the distance travelled in the 
twelve-minute run-walk aye Faye InDeLacvon Of ethesinves— 
tigation, subjects were rank ordered, blocked into groups 
of four and randomly assigned to one of the four treat- 
ments. No significant differences were found to exist 
between treatments in either the twelve-minute run-walk 
or predicted MVO,/kgm. /min. at this time. 

Existence of differences in the number of laps 
Covercasine 12 minutes within each treatment over theysix= 
week jogging program were tested for significance Dye 
Mivonwayecnal ysis Of Variance With repeated) measures sor 
one factor (71). Differences in predicted MVO,/kgm. /min. 
within each treatment were tested in a similar manner. 


Differences in the twelve-minute run-walk as well as pre- 
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dicted MVO,/kgm./min. between treatments at the completion 


of jogging were also tested for significance by a two-way 
analysis of variance with repeated measures. (71) Where 
the analysis yielded a significant F, specific mean dif- 


ferences were analysed by a Scheffe test for the compar- 
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TsOnvOtemeans two at a time. (29) Interaction between 
aiaeeeanenes and fated fitness level was tested for sig- 
nificance by a two-way analysis of variance of gain scores. 
Finally, the Pearson Product-moment correlation coefficient 
was employed at the initiation and completion of the 
jogging program in determining the relationship between 

the Astrand-Ryhming nomogram and the twelve-minute run-walk 


as tests of cardiorespiratory endurance. 
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CHP ee EiweL Vv) 
RESULTS AND DISCUSSION 
RESULTS 


Mean and Range Values for Age, Height and Weight 
Mean and range values for age, height and weight 
Rormechowe.ghity subjects whoppanticipated in the investa — 


gation are depicted in Table I. 
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MEAN AND RANGE VALUES FOR AGE, 
Mew PeANDeWEfGHT 


N RANGE 


MEA 


Lams 
68.0 
eo ee sed 


PARAMETER 


Age 14-2,17-7 


(yrs./mos.) 


Height Ble 0 150 

(inches) 

Weight 98.1=220.0 10122-29354) 
(pounds) . 


Twelve-Minute Run-Walk 


A primary objective of the present investigation 
was to determine changes in cardiorespiratory endurance as 


a result of three six-week jogging programs. Changes in 


30 


VI ASPeEAD 


par r Pe pe 4 . 
HOTSAUDETO 4A, SRGOase oe 


ie - ” 
t 7 ‘ j l # r 3 
Deh } Ay ce GG alt ‘ ‘ a : Sk - coms? hele Tues 
Tate : o@ * = . ‘ : bad 


sit ZouLay spicy Ons seSm 
t ; y 4 7 
PP SeSvVitl- on sara rst Oriw te yvide2e Beg to 
* c ‘ 
[ci “ya 3 @ ) r¢ L730 Te | ~OL3ap 
i , b 
4 _ rT @ te, 
a THellLe Cvs Ty ry 
| + ‘Af 
aes vi: 
- P a ¥ 
. s wea | | ‘eae 


ae = 


Me OSi-h-RC | en 


Pat dine — 


a 
the mean distance covered in twelve minutes by the four 


treatments after six weeks ‘of jogging are shown! in 


abeLer lA. 
TABLE 
MEAN DISTANCE COVERED IN TWELVE MINUTES 
GUS LAPS Oop mLEsS) 

GROUP PRE-JOGGING POST-JOGGING 
ii ET SOW 29.45 

igal 27.60 3150 

ier ET 2165 Suh AA) 

IV 2a oS 27-00 


Bigure - graphically depiets improvement in mean 


treatment scores after six weeks of jogging. 
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CHANGES IN ‘THE MEAN DISTANCE COVERED IN 
THE TWELVE-MINUTE RUN-WALK WITH 
JOGGING (1 LAP=0.05 MILES) 


TIME 
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Analysis of Variance for the Twelve-Minute Run-Walk 
Existence of differences in the number of laps 
covered in the twelve-minute run-walk by each treatment 
at the completion of the jogging program were tested for 
Significance by a two-way analysis of variance with re- 
peated measures of one factor. (71) Table fil indicates 
aeounmarysOr the analysis. A Signiticant Bion time etfect 
ecuwelibeas a significant Gnteraction verttect was found! at 


Ene Os0t level. 


AWAMS lil eo a i LAL 


ANALY > LomOn ey ARKTANCHE FOR THE 
TWELVE-MINUTE RUN-WALK 
Cela) Uo tino) 


SOURCE OF SUM OF DF MEAN F 

VARIATION SQUARES SQUARE 
A Main Effect p26 43 S A2.81 2&9 
error a 1486.81 Wao 19.56 
B Main Effect LOS iis OS ee7-S Op —77* 
- AB Groups x Trials IPA ey 3 42.84 22 Oe 
=anlone Ve) TESS Ne 76 22,02 

Total 2092.81 159 


Ga 6 ee ne I ne ene eed 


_*Significant atthe 0.01 level 


SvabilalLonuabuce co: SLUpLe Main Effects 


Because a Significant AB interaction was noted, 


tests on simple main effects rather than direct tests on 
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main effects were required. Improvement in the number of 
haps) covered’ in wwe twelve-minute run-walk by each treat- 
ment at the completion of six weeks of jogging was tested 
Porssloniticance by employing an F ratio to test the simple 
Wane theCl OL factor BeOumLilicserrecte mA summary of the 


analysiseis shown, in Table IV. 


TABLE IV 


VARIATION DUE TO SIMPLE 
MATNSE GE Gis OF SE AGTORSE 
(LatAPS=sO0n05eMLLES) 


SOURCE OF SUM OF DF MEAN F 
VARIATION SQUARES SQUARE 
B @ Ay 42.4 1 42.4 Zs 9 
B @ A. haere lt 1h ED Zee JA ea 
B @ Ay GS) i MDs) S) OLN Weg 
B @ Ay 4.4 ik 4.36 2G 
MS : 
b xX Subj .w.groups Ue) Shi 76 2.02 


-CUGnieucanceauetine OF. 0 lealeve lL 


All three experimental treatments then, improved signif- 
icantly in the twelve-minute run-walk over six weeks of 
J,O0ging. 

Differences in the number of laps covered in the 
twelve-minute run-walk between treatments at the completion 
of the jogging program were tested for significance by 


employing an F ratio to test the simple main effect of 
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GAceOu A Or treatment effectia@ Aysummary of the results 


was shown in Table V. 


TABLE V 


VARIATION DUE TO SIMPLE 
MAIN EFFECT OF FACTOR A 
(1 LAP = 0.05 MILES) 


eS ee 


SOURCE OF SUM OF DF MEAN F 
VARIATION SQUARES SQUARE 

MS, at b, 267.51 3 89.17 8.26% 

mocalL 1639.93 152 10.79 


SSlgniticant. at tne 0,01 level 


In order to determine specific mean differences, a 
Scheffe test for the comparison of treatment means two at 
a time was employed. A significant difference was found 
to exist between the control group and treatment II as well 
asmthemcontrol group, and, treatment, Iie. No significant 
differences were found to occur between any other means. 


Miecuiiiany) Ob the analysis is depicted an Table Vi. 
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TABLES VE 


SCHEFFE TEST APPLIED TO A COMPARISON OF THE 
MEAN DISTANCES COVERED IN THE TWELVE- 
MINUTE RUN-WALK BETWEEN K=4 TREAT- 
MENT MEANS AT THE COMPLETION OF 
THE JOGGING PROGRAM 
(1 LAP = 0.05 MILES) 


ee SSS 
ee 


_ -MEAN COMPARISON F 
ity, ANE S89 
iby a 2.84 
ii AY ayy aye) 
dies JET 0.08 
LET Ep MEV tenes (EP 
IDASAE ys AEN Uiehs char 


*Slgnitacent at the O70) level 


Comparison of Improvement of 
Upper and Lower Halves 
Within Treatments 

Existence of differences in improvement in the 
number of laps covered in the twelve-minute run-walk be- 
“tween the lipper sand lowerehalves on seache treatmen Cea tetive 
Completion of six weeks of jogging were tested fon Signit= 
icance by a two-way analysis of variance. The farther down 
a subject was in a group, the poorer his Cardiorespiratory 
endurance at the initiation of the training regime.) Con— 
sequently, Deewas  LAOUghtwchateche Lowe lene) EeOtecacn 


treatment might improve significantly more than the upper 


half. Table VII indicates a summary of the analysis. An 
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iisigniticant AB ianteractionwerfect was found at the 0.05 


level. 


TABLE VIL 


SUMMARY OF ANALYSIS OF VARIANCE OF IMPROVEMENT 
SCORES IN THE TWELVE-MINUTE RUN-WALK 
(1S GAPS =) 0-05 MILES) 


SOURCE OF SUM OF DF MEAN F 
VARIATION SQUARES SQUARE 
A FO 1 kee ok Bro 
B 2/4 3 BSE 266% 
AB interaction S) BFS: 3 Ghryalik 0.79 
Within cell 284.9 2 3296 
Total S16) Sig cne} 79 


*Signistucant at the 0.01 level 


Figure II graphically depicts improvement scores 
by the upper and lower halves of each treatment after six 


Weeks Of JOGGLNG. 
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RIGURE SEL 


IMPROVEMENT IN THE MEAN DISTANCE COVERED 
BY THE UPPER AND LOWER HALVES OF EACH 
TREATMENT AFTER SIX WEEKS OF JOGGING 

(1 LAP = 0.05 MILES) 


UPPER HALF 


LOWERS HAL a 


TREATMENTS 
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Astrand-Ryhming Nomogram 
A second aspect Of the» present anvestigation in- 
cluded the determination of changes in predicted MVO, as a 


Eeol emo tm OGG. Table VIII depicts mean predicted max- 


imal oxygen consumption values before and after six weeks 


Ole jOogding. 
TABLE VIII 
MEAN PREDICTED MAXIMAL OXYGEN 
CONSUMPTION VALUES 
(mis; /kom.s body wt./min.») 

GROUP PRE-JOGGING POST-JOGGING 
I AW 35 44.90 

II B95 45250 

ATLA 20700 46.45 

EV, fey) 41.80 


Figure III graphically depicts improvement in mean 
predicted maximal oxygen consumption values after six weeks 


of jogging. 
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MVO> 


PIGGRE el. 


CHANGES IN MEAN PREDICTED MAXIMAL OXYGEN 
CONSUMPTION VALUES WITH JOGGING 
(mls/kgm. body wt./min.) 


TIME 
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Analysis of Variance for the 
Astrand-Ryhming Nomogram 


Existence of differences in predicted MVO, between 
treatments at the completion of the jogging program were 
tested for Beene ear ce by a two-way analysis of variance 
with repeated measures of one factor. (71) A summary of 
Pneeresults is) depicted) inwtabl cel week =srqnificant 'B or 


time effect as well as a significant interaction effect 


WasmLOUNOwacethe O.0ls level. 


TABLE IX 
ANAINY.o low OFRVARTANCE, FORS PREDICTED 


MAXIMAL OXYGEN CONSUMPTION 
(mls. 0,/kgm. body wt. /min.) 


SOURCE OF SUM OF DF MEAN ae 


VARIATION SQUARES SQUARE 
A Main Effect ON O6 | 3) Zone 0.91 
error a 0 d0,0 els 76 ee Ges) 
B Main Effect COM aly i OEE 5 a4) DUR 
AB interaction Ze gO 3 TOS Se Syeiilts 
eharateys b MOEN She 76 bees} 


Total 2180 lez 159 
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Variation puerto Simple Main Eitects 
Asmacioniticant ABSIneeraCllongwoc meted ym tLesuSaon 


simple main effects rather than direct tests on main effects 


were required. Improvement in mean predicted MVO,/kgm./min, 
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by each treatment at the completion of six weeks of 
jogging was tested for significance by employing an F 
ratio to test the simple main effect of factor B or time 


SCrect ww eoecummary Or thesanalysis as shown in Table x. 


TABLE X 


VARIATION DUE TO SIMPLE MAIN 
EPFECT OF FACTOR B 
(predicted MVO./kgm./min.) 


SOURCE OF SUM OF DF MEAN F 
VARIATION SQUARES SQUARE 
B @ Ay 2 Gree, 1 20a, LOR Oe 
B @ A, THORS 2) i 5 ices NES rahe 
B @ A. Sys) i SEAS, Shh gshs 
B @ Ay Os63 1 OF6S ORO > 
MS : 
beces Ub) owseGlOups 9.0.65..3 76 ibe) 


*Significant at the 0.01 level 


A significant increase in predicted MVO./kgm. body witty iene 
. was found in all three of the experimental treatments over 
the six-week jogging regime. 

Differences in predicted MVO,/kgm.body wt./min. 
between treatments at the completion of the jogging program 
Were tested for signiticance by employing an Peretti oeLo 
test the Simple main effect of factor A’ or treatment efitect: 
Ausummaryeor ethesdnalysis is) Given wn Table XI. Ss An sinsig= 


nificant F was found at the 0.05 level. 
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TABLE: 20 


VARIATION DUE TO SIMPLE MAIN 
BEE EC ie OresgAC TOR SA 


(must 0,kgm. body wt./min.) 
eS ] 
SOURCE OF SUM OF DF MEAN F 
VARIATION SQUARES SQUARE 
MS, at by 237/700 3 e®) kya l6) 
Ge]. 10937556 Mee TASES 


Comparison of Improvement 
of Upper and Lower Halves 
Within Treatments 

Existence of differences in improvement in pre- 
dicted MVO, between the upper and lower halves of each 
treatment at the completion of six weeks of jogging were 
tested for significance by a two-way analysis of variance. 
Mabwes<\tleindi cates agsummary Of Lhesanalysis.. Anginsig. 


Micon eeaAbmi interaction erLrecte was )Lound at the 0.05 


level. 
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TnNevidey 9,eae 


SUMMARY OF ANALYSIS OF VARIANCE OF 
IMPROVEMENT SCORES 
IN] PREDICTED MVO5 
(mist /kom- body wt./7Min.) 


Se i a a a ee a es 


SOURCE OF SUM OF DF MEAN F 
VARIATION SQUARES SQUARE 
A DAG2 0 1 24.20 0.99 
B Bh AN 5) 3 Peak sial eh TPES 
heen tletact.on 252 0 2) 8.40 Ds Be 
Weenin tcell T7662 28 J2 24°48 
Total 223015 79 


-olQniitiCanteat ethes0. Ulelevel 


Figure IV graphically depicts improvement scores 
by the upper and lower halves of each treatment after six 


weeks of jogging. 


Correlation Coefficients 
Pearson Product-moment correlation coefficients 


between predicted MVO, (mls./kgm. body wt./min.) and the 


2 
distance (laps) “covered in “twelve minutes’ were calculated 
both before and after the jogging program. The correlations 


obtained are illustrated in Table XIil. 
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PIGUREMLV. 


IMPROVEMENT IN MBEAN PREDICTED MVO, BY THE 

UPPER AND LOWER HALVES OF EACH TREATMENT 
AFTER SIX WEEKS OF JOGGING 
(mls./kgm. body wt./min.) 
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ARMs yor CUE E NE 


PEARSON PRODUCT-MOMENT CORRELATION 
COEFFICIENTS OBTAINED BETWEEN THE 
TWELVE-MINUTE RUN-WALK (LAPS) 
AND PREDICTED SMVO 
(miss /KOM-.mOOd ya wt./ Mis 4) 
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Bost-Jogging Oi .6 


DISCUSSION 


Few studies have compared or validated training 
programs designed specifically for the development of 
cardiorespiratory endurance. The purpose of the present 
investigation was to study changes in aerobic fitness after 
a Six-week jogging program. 

Only a limited number of studies have been reported 
on the aerobic capacity of adolescents. From Table XIV 
it may be seen that the values recorded in the present 
eocUdvearemwilthime thesrange of Ghose reported by other in- 
Veceagacops. = Because these®vallues ceflect different means 
of assessing MVO, as well as different levels of fitness, 


a simple comparison should be made with some reservation. 
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Effects of Jogging On Aerobic Capacities 

Although the principle of overload has been well 
established, the exact nature of the training stimulus is 
unknown. The concept that a threshold intensity of effort 
corresponding to a pulse rate of 140-150 bpm. is necessary 
fOr (a=Cardiorespiratory training erreceeto occur has not 
been substantiated in all investigations (26) and may de- 
pend in’ part upon the initial fitness! level ofGthe sub=- 
pects involved. == Onethe othec*hand, cardiorespizatory 
adaptations to a training program may also be determined 
by the duration of stimulation. It has been hypothesized 
EWdpelt the intensity of exer cases lisesi crent ¢Lomeliues F 
deme aGuscace OF 140-150" bom.or *mOce, = therduLatL@onmor 
Eaalatngucequirecd=tOmsg1 Ve 1 PoomlomomeraclOD1Cetialningpenr— 
fect must exceed five minutes. (14, 45) However, the 
Hitec! Onmor sta mullat ror necessary for cardiorespiratory 
adaptations to take place may also depend upon the indi- 

Mm ccUal Geinitial level of melobiCeEerEncs seas swellmdse tie 
_intensity of exercise. 

Mean changes in the twelve-minute run-walk and 
predicted maximal oxygen consumption are summarized in 
Dabie i. ancerigure . and@lable@Vviel [eandehi gQurcei@aces— 
pectively. A significant improvement in the twelve-minute 
bawe ait as well as predicted MVO.,/kgm./min. was found in 
all three experimental treatments at the conclusion of 
the jogging program. On the other hand, no significant 


differences were found to exist between experimental 
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49 
treatments in either the twelve-minute run-walk or pre- 
dicted MVO,/kgm./min. atwtieuconpletion offjogging.9esig— 
nificant differences were found however in the mean dis- 
tance covered in 12 minutes after six weeks of jogging 
betweengtreatment dl (3/74emile) and treatmentalVa(control) 
Sadweceatmentyl it) (limble)landatreatmentwiv. 

These findings may be attributable to a number of 
EaCeOrpouwe ThemprinCcipal reason;sin) all) likelihood, 1s that 
Pic oie week m | OGG los Der LOjmWwacm LOOmSnOTU mm AS anresuLt, 
insufficient time was allowed for individuals to reach the 
maximal level of aerobic power characteristic of each 
treatment effect. Had the jogging program been extended 
to eight or possibly ten weeks, significant differences 
between treatments may have occurred. 

Secondly, while a significant interaction effect 
WasmesOund weno. esignificant duftferences finjiipredicred MVO, 
were found between any treatments at the completion of 
the six-week jogging program. Increases in predicted MVO,/ 
_kgm./min. of 8.8 percent, 13.9 percent arrcigl5 ~3iepeccent 
however were found in treatments I, II and III respectively. 
Byveecesercingstostigure, Pb t maysbe: seenithiatkedachtormthe 
experimental treatments exhibited an initial deficittan 
when compared to the control group. While 


2 


these dwftexences were insignificant, they had to be over— 


predicted MVO 


come and hence contributed to the lack of significance 
found between treatment means. Furthermore, a substantial 


Snouiibeon ev ani abadlity anepredicted MVO, was found to occur 
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Wichine tecatments To yhat extent this, us attributable to 
the use of the Astrand-Ryhming nomogram cannot be ascer- 
Gained. @mOng thes other hand, sitymay.ret lect trues Variations 


in improvement in MVO, by individuals within the same 


2 
treatment. Whatever the cause, the substantial amount of 
variability exhibited within each group was another factor 
COonurEbutingmto.the ack omustonieicance, found between 
treatment means. 
Effect of Initial Fitness Levels on 
Improvement in Aerobic Fitness 

Because subjects were assigned to treatments ac- 
cording to the distance covered in twelve minutes, the 
lower his position in a treatment, the poorer the sub- 
jeCwuseinitlal level Of aerobic powers. lt had been hypoth-— 
esized previously that each jogging treatment might in- 
fluence the lower half of each group significantly more 
than the upper half. It is conceivable that a maximal 
Cardiorespiratory fitness level or ‘Endkraft' may result 
Mmecolecacheote thes treatment eliects saBecause. the, lower 
half of each group is more distant from that maximum, a 
greater improvement in aerobic power might be expected. 
Titsemt ghtealso, helo. to, explainglthessubstantials yVarabil icy, 
found within treatments in improvement in predicted MVO, 
with jogging. 

This however was not found to be the case. Dif- 
ferences in improvement in the distance covered in the 


twelve-minute run-walk as well as predicted MVO./kgm./min. 
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between the upper and lower halves of each treatment were 
NOEs LOUnCMEonbe ecignitacanttatntne 70 705 glevell 4 

This finding may be the result of one of two 
reasons: 

It is conceivable that those subjects who ini- 
tially exhibited the lowest levels of cardiorespiratory 
endurance possess certain physiological or morphological 
limitations that inhibit the rate at which they may im- 
prove in aerobic power. Limiting characteristics might 
include for example, heart size, lung volume, muscle mass 
Or any other parameters involved in aerobic performance. 

On the other hand, the increase in the intensity 
of jogging may have been sufficient and the over-all 
Gumatvon (sixiweeks) insufficientato sallow tany, subjectiato 
reach the maximal level of aerobic fitness characteristic 
of each treatment effect. Consequently, those subjects 
who were initially superior in aerobic power improved at 
a rate that was maximal for that group. Those subjects 
who initially possessed a lesser degree of cardiorespir- 
abOry sendurance limproved win aes imilarnimanne.s | sAs,aypresult;, 
no differences in improvement in cardiorespiratory fitness 
between treatment levels were demonstrated. Had the 
jogging program been extended and increases in the intensity 
of jogging decreased or held constant, a significant dif- 


ference in improvement may have been illustrated. 
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Correlation Coefficients 

S19n1 ta cantbacorrel ations softie0m> I cand ObS6twere 
found between predicted MVO,/kgm./min. and the distance 
covered in the twelve-minute run~-walk at the initiation 
and conclusion of the jogging regime respectively. Lavoie 
(oe tas @roundesimilar correlations of 0.66) and 0.68 be- 
tween MVO, determined directly by a treadmill test and 
the 1000-meter and twelve-minute run-walk respectively. 
A correlation of 0.89 on the other hand has been reported 


by Cooper between MVO, established on the treadmill and 


2 
the twelve-minute run-walk. G15) 

The subjects involved in Cooper's investigation 
included 115 United States Air Force personnel in good 
physical condition. The variation in age then may have 
been a factor which contributed to the lower correlations 
obtained in the present study. On the other hand, the 
correlations reported by Lavoie (49) were obtained from 
a sample in which the age weno TES Similar to that. Eound 
»in Cooper's study. Furthermore, Lavoie employed a direct 
test for maximal oxygen uptake analysis. While undoubtedly 
the Astrand-Ryhming nomogram contributed to predictive 
error, the moderate correlations obtained in the present 
Study weresnot, in all likelincodyescolely relatecetomits 
use. 

Although the variability explained by the above 
tVWomcorrelacions 1s not great, 1t does not necessarily 


imply that the twelve-minute run-walk and the Astrand- 


se 


Sort Pe rh x ‘ Fe + 7 bit" is} 4 

iors , x) 7 if 
= Ba i 

7 i j f 


hire 4ro. try | tie Ser bsenad avs neaws 
+ bos teasm-O000f erg ; 

he boy tg Re) to cl getewos A 

Fora cr “yi hae? iistes OVE 1cevjed Iggoo) va 

nt ive ler fews’ Gre 


hoon ot lone ber sono A eggnog (oO €0f Setarlons 
al Bing. nett no2tibneo Deedee 
enosan tous we [ses Bade non doLgw cece Se ctl, 
wi ae -teitub = G32. 1425206 aoe fa variteddo. / 

a 
NOW! oon Pes te -] rover! va "atTLOQSt » ooise Lergeg, = 
Bowe). tai of an! tites eey aah? Spr. sag Sokedw ad otegmger Pe 
Soon.) & beyolyus oloret .b16mieiint ~~ Ao 
yit@eidvotne abr “Yefeayvtece «? "ten : nya Leatieger 2a 
SVIa>DAesiy od dashing Che Prin, tree ye 


lll at peste angtiplensoc ctesatom 


as ane eto | So 


“bed os 


RVOML Ae noOmMed@anmare POOL areal ctors Of aerobic Capacity. 
Glassford et al. (31) for example have found correlation 
coefficients of 0.68 and 0.65 between three direct tests 
of maximal oxygen consumption. Cooper's correlation ap- 
pears unrealistically high and should be looked upon with 


some reservation. 
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CUBAN ETERS OY 
SUMMARY AND CONCLUSIONS 
SUMMARY 


The purpose of the present study was to inves- 
tigate changes in cardiorespiratory endurance after a 
six-week jogging program. A further aspect of the study 
included a comparison of improvement in cardiorespiratory 
endurance by individuals within the same treatment who 
exhibited varying levels of aerobic fitness at the ini- 
tiation of jogging. Finally, Pearson Product-moment cor- 
relation coefficients were obtained between the distance 
covered in the twelve-minute run-walk and predicted 
MVO,/kgm. body wt./min. at the initiation and completion 
of the jogging program. 

Three experimental treatments were employed. A 
HmLOuren group acted@as*a control. #=Vvegging® took place” five 
eEMeCsmweexty on ansindoor track. ==EIghtyshign= schoolsstu-— 
dents with an average” age of 15-1/2° years” participated in 
the investigation. 

On the basis of the distance travelled in the 
twelve-minute run-walk, (nearest 25 yards) subjects were 
rank ordered, blocked into groups of four and randomly 
assignedeco one of the four treatments.” The Astrand- 


Ryhming nomogram test was also administered to each 
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ae) 
subject before the jogging program commenced. No Shale fs 
net iCcant ereren eee in the twelve-minute run-walk or 
predicted MVO,/kgm. body wt./min. were found to exist 
between treatment means at the initiation of the inves- 
fvGation. 

The three experimental groups then began the 
jogging program. Treatment I jogged 3/8 of a mile, 
PreatmMentelinws/ 47Ofmaumi ley, andwtreatment Lily one mile, 
While the duration of jogging varied, intensity was held 
constant. Thatwis,. lap times were identical forsecach 
of the three groups each week. The intensity increased 
weekly during the six weeks of jogging. 

Changes in aerobic power at the completion of the 
jogging program were determined by again employing the 
twelve-minute run-walk and the Astrand-Ryhming nomogram 
be Si. 

Existance of differences in the twelve-minute 
run-walk as well as predicted MVO,/kgm./min. within 
treatments over the six-week jogging program were tested 
for significance by a two-way analysis of variance with 
“epeated measures of one factor. _Existance of differences 
in the twelve-minute run-walk and predicted MVO,/kgm./min. 
between treatments at the completion of jogging were 
tested in a similar manner. Differences in improvement 
in the twelve-minute run-walk and predicted MVO,/kgm./min. 
between the upper and lower halves of each treatment were 


tested for significance by a two-way analysis of variance. 
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Where the analysis yielded a significant F, specific 
mean differences were determined by a Scheffé test for 
the comparison of means two at a time. Finally, Pearson 
Product-moment correlation coefficients ee tine 
between the twelve-minute run-walk and the Astrand- 
Ryhming nomogram at the initiation and completion of the 
NWOdgi ng program. 

Results indicated that all three experimental 
groups exhibited a significant increase in both the 
twelve-minute run-walk and predicted MVvO,/kgm./min. over 
the six-week jogging program. No significant change in 
eleleusVvantaolewyas LOUNG, LO .OCCUL in the control croup, 
Significant differences in the twelve-minute run-walk 
were found between treatment II (3/4 mile) and treat- 
menor Ly (control) and treatment III (1 mile) and treat-— 
Menem VvVeatethe completion of jogging. ).On the other jiend, 
no significant differences in predicted MVO,/kgm./min. 
were found between treatments ae Ener CONCLUSION OLm OGGings 
-Furthermore, no significant differences in improvement in 
aerobic power (distance covered in 12 minutes, predicted 
MVO,/kgm./min.) were found when the upper and lower halves 
of each treatment were compared. Finally, correlations of 
0.59 and 0.56 were found between the distance covered in 
the twelve-minute run-walk and predicted MVO,/kgm./min. 
at the@intelacion sand. completion of the jogging program 


respectively. 
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CONCLUSION 


Within the limitations of the study it was con- 
cluded that: 

1. -A significant improvement in the twelve-minute 
tunewal ik occurred as a result of joaging 3/73.,0f asmile, 
five times per week for six weeks at the suggested in- 
tensities. This improvement was not however, signif- 
Pecan lve, breorentmrromtic Control group. — Jogging 3/4 
of a mile or 1 mile at the same intensity and frequency 
did not result in a significant improvement in the twelve- 
Minute run-walk over that obtained by jogging 3/8 of a 
mile. On the other hand, the improvement in the twelve- 
minute run-walk resulting from jogging 3/4 of a mile and 
1 mile were found-to be significantly different from the 
conenolegroup. 

2. Jogging 3/8 of a mile, five times per week for 
six weeks resulted in a significant increase in predicted 
MVO,/kgm./min. (SaGmperCent) 6 .J000Ging =574) OL a millesand 
1 mile at the same intensity and frequency also resulted 
in significant increases in predicted MVO,/kgm./min. 
(13.9 percent, 15.3. percent respectively). No significant 
differences were found however between the three experi- 
mental treatments or between the experimental treatments 
and the control at the completion of the jogging’ program. 

3. Mean improvement in cardiorespiratory fitness 


(twelve-minute run-walk, predicted MVO,/kgm./min.) over 
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58 
six weeks of jogging was not found to be cignaeecanwly 
different when the upper and lower halves of each treat- 
ment were compared. 

a ol Onmiacant Correll ationsmota0.59 anda0.56 were 
found to exist between the distance covered in the 
twelve-minute run-walk and predicted MVO,/kgm./min. at 
the initiation and completion of the six-week jogging 


program respectively. 
RECOMMENDATIONS 


1. It was found within the present study that a 
Six-week jogging program was insufficient to bring about 
Significant differences in treatment effects. Conse- 
quently, future eee comparing improvements in cardio- 
respiratory endurance should be extended to eight or 
possibly ten weeks. 

2. A substantial amount of within-group variability 
was noted in the analysis of improvement in predicted 
_MVO,/kgm./min. TOEWwilaceextentetiisS —Vallances 1s attri — 
butable to the Astrand-Ryhming nomogram is unknown. No 
significant differences in predicted MVO,/kgm./min. were 
found when the upper and lower halves of each treatment 
were compared. The variability therefore cannot be at— 
tei Dues lomLOualOiedainsein MVO, by those subjects who 
initially exhibited low levels of aerobic fitness and 
smaller gains by those subjects who initially exhibited 


higher levels of cardiorespiratory fitness. Future 
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studies then might compare physiological and possibly 
psychological parameters of high gainers in MVO. with 
low gainers. 

ot newoOpcimal amount, ofygogging Lequired to, produce 
a Significant improvement in cardiorespiratory endurance 
is, in all likelihood, dependent upon the individual's 
sex, age and present level of aerobic fitness. It is 
quite conceivable that a point exists beyond which’ fur— 
ther effort no longer is effective in increasing the in- 
tensity of the training stimulus. Therefore it may be 
possible to delimit optimal intensities and durations 
Cun |OGdmGmtOtmd nc Vlaualsy atpvarious levels of icarcdio— 
respiratory endurance. A validated program somewhat like 
that established by Cooper could be set up. However, 
optimal amounts of jogging would vary not only according 


to the individual's sex, but age as well. 
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INFORMATION PERTAINING TO INDIVIDUAL 
SUBJECT'S PHYSICAL CONDITION 


GROUP II 
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GROUP TTI 
SUBJECT AGE HEIGHT PRE=JO0G. POST=J0G; SMOKE 
WEIGHT WEIGHT 
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Shs i= 7pk 68.2 66.4 x 
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INFORMATION PERTAINING TO INDIVIDUAL 
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GROUP IV 
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STATISTICAL TREATMENT 


Analysis of Variance 

A two-way analysis of variance with repeated meas- 
ures of one factor was employed to determine significant 
differences in the twelve-minute run-walk and predicted 
MVO,/kgm./min. asvasresult OL gines |Ogging program. | the 


analysis was obtained by the use of the following program: 


Program: ANOVA 23 


Rong ueage ah Oruvan mat V 


Differences in improvement in the twelve-minute 
run-walk and predicted MVO,/kgm./min. between treatment 
levels were tested for significance by a two-way analysis 
of variance. The analysis was obtained by the use of the 


following program: 


Program: ANOVA 25 


lianguage: Fortran 1V 


Correlation Coefficients 

Pearson Product-moment correlation coefficients be- 
tween the distance travelled in the twelve-minute run-walk 
and predicted MVO,/kgm./min. were determined through the 


use of the following program: 


Program: Dis i. One 
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